The superconducting sesquicarbides R2C3 have noncentrosymmetric point group symmetry T d . Spin-orbit coupling lifts the spin degeneracy of electronic bands in the most of the Brillouin zone. Nevertheless, due to high symmetry, there are a few directions along which the Fermi surfaces must touch. This leads to the two-band effects in the superconducting state.
More than three decades ago, the successful high-pressure synthesis of crystals of Y2C3−y and La2C3−y with so-called sesquicarbide structure was reported [1, 2] . The crystals appeared to be superconducting with Tc up to 17 K. Interestingly, superconductivity survives heavy doping with a number of elements. In this paper, I mainly consider (Y1−xThx)2C3−y and (La1−xThx)2C3−y, because strong spin-orbit coupling (SOC) is usually expected for Th compounds.
The sesquicarbides have space group I43d [3] , which belongs to the tetrahedral crystallographic class T d . The point group consists of 3-fold rotations C3 about the cubic diagonals, 4-fold improper rotations S4 about [001] and equivalent directions, and mirror planes σ d which include the cubic diagonals. The centres of symmetry are therefore absent from the structure. If SOC is not negligible, the spin degeneracy of electronic bands is removed at generic points in the Brillouin zone. If the Fermi surfaces corresponding to different bands are separated, a one band formalism to treat superconductivity may be sufficient [4] .
For (Y1−xThx)2C3−y and (La1−xThx)2C3−y, there are directions in the Brillouin zone where the SOC split Fermi surfaces must touch. It becomes clear from the following group-theoretical argument. The electronic states are described by the Bloch spinors * Electronic address: isergien@physics.mun.ca 1 This work was supported by NSERC Canada.
where k is quasimomentum, V is the sample volume and indexes ± refer to the two SOC split bands [4] . Just as in the case of zero SOC, the functions U ± k (r) span irreducible representations of the point group which leaves the vector k invariant. However, in the present case the representations are double valued since U ± k (r) describe spin- 1 2 particles. For T d symmetry, the vectors k1 = (kx, 0, 0), (0, ky, 0), (0, 0, kz) are invariant under group C2v ⊂ T d . This group has only one double valued irreducible representation, which is twodimensional.
2 Hence, there must be two linearly independent solutions of the Schrödinger equation corresponding to each allowed energy value ε k 1 .
For the sake of simplicity, I further proceed with addressing the effects of SOC by the perturbative approach proposed in [5] . The single particle Hamiltonian is approximated by
where α > 0 is constant, σ = (σx, σy, σz) are the Pauli matrices and the vector g k = [gx(k), gy(k), gz(k)] is chosen such that g k σ reduces the symmetry of H1 from G ⊗ I to G, the actual point group. Here I is inversion. The Hamiltonian (2) is diagonalized by the two spinors (1) with
corresponding to the eigenvalues
It is a somewhat lengthy but straightforward algebraic exercise to show that
Hence, g k defines the direction of spin s ± k carried by particles in both bands.
For G = T d , G ⊗ I = O h , and g k σ transforms according to the representation A2u of O h . Namely,
It follows from (5) that the points g k = 0, where the Fermi surfaces touch, are singular, i. e. the direction of spin is not defined. This is essentially because the spin quantization axis can be chosen arbitrary for spin degenerate states. A cross section of the Fermi surfaces corresponding to (6) is shown in Fig. 1 together with the spin structure. It is assumed that the "unperturbed" Fermi surface is spherical, ε 0 k = 2 k 2 0 /2m. Finally, I consider the pairing interaction term H2 in the Hamiltonian, which leads to the formation of the superconducting state. I assume that before SOC has been turned on, the electrons were paired in a singlet superconducting state, with the order parameter ψ(k). Within the weak coupling approach,
